Physiological effects of copper, cadmium and reduced salinity on intertidal and cultivated Perna canaliculus mussels by Smith, Franz E.
Physiological effects of copper, cadmium
and reduced salinity
on intertidal and cultivated
Perna canaliculus mussels
A thesis
Submitted in fulfilment
of the requirements for the Degree
of
Masters of Science
in Zoology
at the
University of Canterbury
New Zealand
Frantz E. Smith
2008
Abstract
Abstract
The endemic mussel Perna canaliculus is the most valuable aquaculture product in New
Zealand. Limited information has been compiled on physiological functions such as
clearance, respiration and excretion of this species. Scope for Growth (SfG) which is the
difference between the energy acquired from feeding and the expenditure of energy on
respiration and excretion has been determined for this species from various locations in
New Zealand. Existing information suggests that SfG shows limited correlation with the
distribution, origin or contamination of mussels in their habitats. Therefore, the aim of the
thesis research was to investigate the SfG of farm and intertidal mussels and compare how
these values responded to challenges from reduced salinity and exposure to the trace
metals copper and cadmium.
Preliminary experiments on mussel respiration rates (ml O2 g-I hoi) showed that recently
collected mussels respired at a rate of 0.222 ± 0.013 ml O2 g-I h-I while mussels held for
two weeks under laboratory conditions respired at 0.098 ± 0.009 ml 02 g" hoi. Respiration
rates of recently collected farm and intertidal mussels measured every four hours over 28
hours were also found to be similar. The exponent (b) in the allometric relationship
between respiration and dry weight was 0.5766. Respiration rate and condition of mussels
which were maintained with feeding for two month was greater than respiration for
mussels which were not fed over this time period. Specific dynamic action (SDA) was
found to be the difference between the pre-feeding respiration rate of 0.15 ±0.02 ml O2 g"
h-I and 1.03 ± 0.16 ml O2 g-I h-I at one hour after feeding. Respiration returned to pre-
feeding rates between two and four hours after feeding was stopped.
Mussels exposed to 0, 1, 10 and 100 llg Cu L-I showed no physiological effects of copper.
Exposure of intertidal mussels to 1,000 ug Cu L-I caused 100% mortality after three days
and exposure to 500 ug Cu L-I caused 100% mortality after seven days. There was 100%
mortality of farm mussels exposed to either 500 llg Cu L-I or 1,000 ug Cu L-I after three
days. The time for 50% mortality (LT50) of intertidal mussels exposed to 500 ug Cu L-I
was 3.4 days. For an exposure of250 ug Cu L-\ the LT50 was 5.2 days.
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SfG of intertidal mussels exposed to 100 ug Cu L-1 decreased by 91% for intertidal mussels
in full salinity but SfG of farm or intertidal mussels exposed to cadmium at concentration
of 33 ug Cd t.', 66 ug Cd L-1 or 99 ug Cd L-1 was not affected. Significant effects of
cadmium were detected at a concentration of 1,000 ug Cd L-1 which resulted in a reduction
in SfG by 60% compared to the controls. The initial experiments showed that copper
resulted in lower SfG than cadmium at similar concentrations.
For mussels exposed to combinations of 0 and 100 ug Cu L-1 at 34 ppt and reduced salinity
(17 ppt) the SfG of intertidal specimens exposed to 100 ug Cu L-1 at 34 ppt was decreased
by 85%. SfG of farm mussels exposed to this level of copper was reduced by 70%. The
effect of copper on intertidal mussels may be related to the higher clearance rate of these
mussels. In the experiments with cadmium, exposure to 1,500 ug Cd L-1 in full salinity
resulted in a decline in SfG in excess of 100% for farm mussels but only 91% for intertidal
mussels in full salinity.
The effect of reduced salinity as the only stressor was also noted in these experiments. In
both the copper and cadmium experiments, the treatments exposing mussels to 50%
salinity resulted in severe declines in SfG for both farm and intertidal mussels. The decline
was 99-100% for farm mussels and 60-82% for intertidal over fourteen days. In addition
to salinity, the effect exposure time significantly affected the physiology of intertidal
mussels in low salinity.
In treatments which combined 50% salinity with either 100 ug Cu L-1 or 1,500 ug Cd L-\
SfG of farm mussels declined into negative values. SfG of intertidal mussels exposed to
100 ug Cu L-1 or 1,500 ug Cd L-1 in low salinity declined by 87% and 98% respectively.
The combination of salinity and metals resulted in significant interactive effects but these
were not synergistic effects. This suggested that salinity could be a major source of
variability in SfG of mussels which are exposed to similar concentrations of metals. The
experiments also showed that intertidal mussels possessed greater physiological
adaptability to low salinity. This suggests that responses to salinity differ from responses
to trace metals. Salinity is therefore an important modulator of the sub-lethal effects of
toxic trace metals such as copper and cadmium.
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